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Lezione 22 
La risposta immune ai 
microorganismi 



Meccanismi di difesa dalle 
infezioni 

Fattori da considerare 

1- tipo di agente infettivo 

2- vie di accesso dell'agente infettivo 

3- presenza di recettori specifici 

4- caratteristiche di replicazione e diffusione 

5- intervento di difese innate o acquisite 

6- danni derivati dalla risposta immune 

7- difesa/danno diretto o indiretto 

8- elusione, resistenza, coesistenza 



1 - Agenti Microbici 



Virus 



Batteri 



Funghi 

Protozoi 

Elminti 

I meccanismi di difesa variano a seconda dell'agente infettante 



naked eye - 


plm-|- 
10-'- - 


light 
microscope 


10 


electron 
microscope 


J 
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Lio sL 



adult schistosoma 





larvai filaria 




schistosome larva 




amoeba, Leishmania, 
trypanosome 


• 


Plasmodium 


il^t^ Staphylococcus 





j polio vi 
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2 - Vie di Accesso 



lysozyme in tears 
and other secretions 




low pH and 
commensals 
of vagina 
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removal of particles 
by rapid passage of 
air over turbinate 
bones 

bronchi 

mucus, cilia 

gut 

acid 

rapid pH change 

commensals 

flushing of 
urinary tract 



Routes of microblal entry 



Site of entry Method of entry Examples 



trypanosomia; 



receptor on epithelium 



Fìg. 22.2 Routes of rr 
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3 - Recettori Specifici 

Presenza di recettori specifici per: 
> virus 

> batteri 

> funghi 

> parassiti 



m 

virus 


receptor 


celi type Infected 


human 
immunodeficiency 
virus (HIV) 


CD4 


Th cells 


Epstein-Barr virus 


CR2 (complement 
receptor type 2) 


B cells 


influenza A virus 


glycophorin A 


many celi types 


transmissible 
gastroenteritis virus 


aminopeptidase N 
CD13 


enterocytes 


rhinovirus 


ICAM-1 


many celi types 


polio virus 


polio virus receptor 
(immunoglobulin 
superfamily) 


neurons 


measles virus 


CD46 


many celi types 


human herpes virus 6 


CD46 


many celi types 
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Celi surface receptors for parasites 


Organism Receptor 


Celi infected 


EBV 

Coxsackie A 
polio 

mycoplasma 
adenovirus 


CR2 (C3d receptor) 
CD4 

ICAM-1 1 

icAM-1 _r 

ICAM' 

acetylcholine receptor 
MHC 1 


B cells 

T cells, macrophages 
respiratory tract 




CR3 (C3bi receptor) 




Protozoa 
Entamoeba 
Giardia 

Leishmania 


mannose-D-phosphate 
gìycophorìn ~| 

Duffy blood group -T 
CR3 


macrophage 


Histoplasma 


CR3 
LFAl 


macrophage 



4 - Replicazione e Diffusione 

Velocità di replicazione 
Ciclo vitale 

Sede intra o extracellulare 

Capacità di "eludere la sorveglianza" 

Capacità di resistere all'attacco e di 
"nascondersi antigenicamente" 



5 - Difese imate e acquisite 

• Diversi tra classi, sottoclassi.ceppi 

• Diversi per infezioni intra o 
extracellulari 

• Diversi per ingaggio di risposta immune 

• Diversi per capacità di resistere 
all'attacco immune (resistenza, 
elusione,ecc.) 



Attacco Immunologico 

• Risposta Innata: 

- cellule : fagociti, NK, eosinof ili 

- fattori solubili: lisozima, C, citochine 

• Risposta Adottiva: 

- cellule: linfociti T, B - reclutamento 

- fattori solubili: anticorpi citochine 
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Infezione litica del virus 




infecting virus 

^ «ttachmafit pmctration 

• — > >> 

by tudding Jfc— receplor J ^) 
(ff^ forming envelope envelope nucleic acid \ Sm\ 






eTease Jl 

M uncoatìng 

/"j^^^X assembly <=^ /^"/^ replicatìon <^ / ^\ 
1 ^bS" «B\ "Psidslofm f \ \. ^ synthesis of virai mRNA / ^» \ 
yf-X around nucleic /T^-^n» i (direct or via host machinery), ^fcT^ 
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Risposta antivirale 

• Immunità innata 

> interferoni, 

> cellule plasmocitoidi dendritiche 

> cellule NK 

• Immunità aquisita 

> immunità cellulare 

* CTI (CD8+, CD4+) 

* TNF, IFN-Y (da CD8+) 

> anticorpi 

* neutralizzazione 

* via complemento 

* via AbCC 



Innate immunity Adaptive immunity 




5 6 7 8 9 10 11 12 



Adaptive Immunity 



Z '"^«"^ KilXof Z^»- inl^ KlXof 


Eradication 
of established 
Infection 


celi celi 

et al: Cellular and Molecular Immunology, 7e. 

ght ® 2012, 2007, 2005. 2003, 2000, 1997, 1994, 1991 by Saunders 





Difese antibatteriche 

Diverse se intra o extracellulari 
Compartecipazione innata e adottiva 



1 single toxin 

epithelial 
attachment 


2 

invasion 


3 locai 

invaslveness 
and locai 
toxicity 


^ ^ toxin O 

V o 

systemie effects 




O \ <\> • . locai 
<^ invasion 

OV; • 
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Mediators of antimicrobial and 
cytotoxic activity of macrophages 
and neutrophils 



Extracellulari: immunità innata 



^ I C-reactIve protein { 



mannose binding 



phagocytw, ti«sue ceHt 



lipopolysaccharide 
formyl peptides 
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Oxygen-dependent killing 



Oxygen-independent killing 



Reactive oxygen intermediates 
0*2" (superoxide anion) 
OH' (hydroxyi radicais) 
H2O2 (hydrogen peroxide) 
CIO~(hypochlorite anion) 

Reactive nitrogen intermediates 
NO (nitric oxide) 
NOj (nitrogen dioxide) 
HNO2 (nitrous acid) 

Others 

NH^CL (monochloramine) 



Defensins 

Tumor necrosis factor i 

(macrophage only) 
Lysozyme 

Hydrolytic enzymes 
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a Host microbicidal tactor» b Microbici defensive mechanisms 




Nature Revicws | Microbiology 

NRAMP-1 fattore genetico di resistenza a AA. Tubercolosis (trasportatore di 
cationi bivalenti nelle membrane dei fagosomi) 



Neutrophils engulf and kill the 
microbes to which they bind 



lysosome 



Bacterial fMet-Leu-Phe peptides 
activate Rac2, and bacteria are 
taken up into phagosomes 


1 Phagosomes fuse with primary and secondary granules. Rac2 induces assembly 
of a functional NADPH oxidase in the phagolysosome membrane, leading 
to generation of Oj'. 

lAcidification as a result of ion influx releases granule proteases from granule matrix 


o 

Rac2 p67®§p40 


Il '"'^3°'°'"^ JJ ^ IrcJ 

secondary XN-ff-^^ P""'^"! // 
\\ granule ^ granule // 




Enzyme Reactions of 
Respiratory Burst 

Respiratory Burst 

NADPH NADP+ Superoxide 

+ dismutase 

- I 1 

2 0, 



2 0- 




Myeloperoxidase 

- Enzyme which is stored in primary granules of PMN & 
MQ and uses the products of the respiratory burst. 

- H2O2 + CI- Chioramines 



Chronic granulomatous disease 

(a defect of NAbPH oxidase system and therefore inability to 
undergo oxidative burst and production of hydrogen peroxide) 



• CGD is a heterogeneous 
disorder caused by def ects 
of any of the f our subunits 
of NADPH oxidase. 

• 70% are due to X-linked 
defect of gp91 phox (more 
severe form) 

' Second most due to 
autosomal recessive 
defect of p47 phox 




NEJM: Voi. 343: No 23, ppl703-1714 



Chronic granulomatous disease = defect of NADPH oxidase system 




Clinical findings: 

Recurrent infections with catalse- 
positve microorganisms 

(5. aureus, Burgholderia cepacia. 
Aspergi! lus spec, Nocardia spec, and 
Serratia marrcescens) 

Recurrent infections of lungs, soft 
tissue and other organs (typical is 
infection of nares, and gingivitis) 



Fever and other clinical signs of 
infection may be delayed 



Excessive formation of granuloma in 
ali tissues 



NEJM: Voi. 343: No 23, ppl703- 
1714 



Evaslon of Innate Immunity by Microbes 



Mechanism of immune evasion 


Organism (example) 


Mechanism 


Resistance to phagocytosis 


Pneumococcus 


Capsular polysaccharide 
inhibits phagocytosis 


Resistance to reactive oxygen 
intermediates in phagocytes 


Staphylococci 


Production of catalase, which 
breaks down reactive oxygen 
intermediates 


Resistance to complement 
activation (alternative pathway) 


Neisserìa meningitides 
Streptococcus 


Sialic acid expression inhibits 
C3 and C5 convertases 

M protein blocl<s C3 binding to 
organism and C3b binding to 
complement receptors 


Resistance to antimicrobial 
peptide antibiotics 


Pseudomonas 


Synthesis of modified LPS 
that resists action of 
peptide antibiotics 
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Extracellulari: immunità adottivo 

j^pj^ I Neutrallzation | 



Antibody 



Opsonization and 
Fc receptor- 

mediated 
phagocytosis 



Helper T cells 
(lor protein 
antigens) 



Phagocytosis 
of C3b-coated 
bacteria 



I Inflammation [ 
, ;,^7'' [Lysis of mìcrobe| 
> (^^J Inflammation] 




Intracellulari 




Ruolo centrale di IL-12 ed IFN-y'- 
Effetto nei topi knockout 



Killing of 




Killing 


bacteria in 




of infected 


phagolysosome 




celi 




Th2 celi 



Infection 



Responso 



I Outcome 



Leishmania 
major 



Mycobacterium 
leprae 



Mosi mouse strains: Th1 
BALB/c mice: Th2 



==> Recovery 

4> Disseminated infection 



Some patienls: Th1 

Some patients: Detective 
ThI or dominant Th2 



> Tut>erculoid leprosy 

> Lepromatous leprosy 

(high bacierial counl) 



Q)pynght © 2009 by Saunders, an Impiint of Elsevier, Inc. A 



THI 
IFN-Y 



Infection with Mycobacterium leprae can result in 
different clinicai forms of leprosy 


There are two pelar forms, tuberculold and lepromatous leprosy, 
but several intermediate forms also exist 


'Hiberculoid leprosy 


Lepromatous leprosy 








M 


Organisms present at low to 
undetectable levels 


Organisms show florid growth 
in macrophages 


Low infectivity 


High infectivity 


Granulomas and locai inflammation. 
Peripheral nerve damage 


Disseminated infection. 
Bone, cartilage, and diffuse 
nerve damage 


Normal serum 
immunoglobulin levels 


Hypergammaglobulinemia 


Normal T-cell responsiveness. 
Speciflc response to 
M. leprae antigens 


Low or absent T-cell 
responsiveness. 
No response to 




M. leprae antigens 



TABLE 15-2 Mechanìsms of Immune Evasion by Bacteria 


Mechanism of Immune Evasion 


Examples 


Extracellular bacteria 


Antigenic variation 


Neisserìa gonorrhoeae, Escherichia 
coli, Salmonella typhimurium 


Inhibition of complement 
activation 


Many bacteria 


Resistance to phagocytosis 


Pneumococcus 


Scavenging of reactive oxygen 
species 


Catalase-positive staphylococci 


Intracellular bacteria 


Inhibition of phagolysosome 
formation 


Mycobacterium tuberculosis, 
Legionella pneumophiia 


Inactivation of reactive oxygen 
and nitrogen species 


Mycobactgrium leprae (phenolic 
glycolipid) 


Disruption of phagosome 
membrane, escape into 
cytoplasm 


Listeria monocytogenes (hemolysin 
protein) 



Miceti (funghi) 

Pochi patogeni per l'uomo 
Ospite non essenziale (ubiquitari) 
Attacco superficiale (cute, annessi) 
micosi 

Agressione subcutanea (ferite) ascesso 

Diffusione sistemica (inalatorie) 

Poca reattività, immunodepressione 
causa malattia (HIV) 
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ù'if eSQ antif ungina 

Immunità innata 

< barriere fisiche e biochimiche 

> fagociti (neufrofilì) anti opportunisti 

> macrofagi alveolari 
• < cellule NK 

Immunità acquisita 

> essenziali le T 

< poco efficaci anticorpi, talora negativa 

> THl e TH17 favorevoli, TH2 sfavorevoli (cronica) 

> THl possono portare a formazione granulomi 





source of monocytes/macrophages 


organism 


normal 


chronic 
granulomatous 
disease 


myeloperoxidase 
deficiency 


Candida 
albicans 


kilied 


sometimes kilied 


sometimes kilied 


Candida 
parapsilosis 


kìlied 


not kilied 


unknown 


Cryptococcus 
neoformans 


kìlied 


unknown 


kilied 


Aspergillus 

fumigatus 

conidia 


kilied 


kilied 


unknown 


Aspergillus 

fumigatus 

hyphae 


kilied 


kilied 


unknown 
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Infestazione parassitaria: 
Protozoi ed Elminti 





•1 






m 
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Toxopiasma gondii 
Bntamoeba 
histolylica - 
Tripanosoma spp. 
Plasmodium 



Mn I 



gut 1 / 
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•Un 




^ Onchocerca 








^ Trichinella spiralis 




hings 




. Nematode \anae 
Schistosoma 




hepatic portai vein 




s Schistosoma 


\ 1 


gut 


\ Ascarìs, Trichuris 
hookworms 
tapeworms 




bladder 


\ 


' Schistosoma 
haematobium 
aduits 




\ Ivmphatici 
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Protozoi ed Elminti 

Superamento delle barriere (cute^mucose) 
Immunità innata poco efficace (meccanismi di 
evasione multipli) 

Fase extracellulare (Ab, M0, eosinof ili) 
Ciclo vitale 

Ab e T efficaci in alcune fasi del ciclo 
Fase intracellulare (T,NK,citochine,02) 
Dimensione 
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Table 15-4. Immune Responses to Disease-Causing Parasites 



Parasite 


Diseases 


Principal mechanisms 
of protective Immunity 


Protozoa 


Plasmodium species 


Malaria 


Antibodies and CD8* CTLs 


Leishmania donovani 
Trypanosoma brucai 


Leishmaniasis 

(mucocutaneous, 

disseminated) 


CD4' ThI cells activalo 
macrophages to klll 
phagocylosed parasites 


African trypanoeomiasis 


Antibodies 


Entamoeba 
hìstolytica 


Amebiasis 


Antibodies. phagocytosis 


Metazoa 


Schistosoma species 


Schisfosomìasis 


ADCC mediated by 
eosinophils, macrophages 




Filariasis 


Cell-mediated immunity: 
roie of antibodies? 


Abbraviatìons: ADCC, antibody-dependenl cell-mediated cytotoxicity; | 
CTLs. cytotoxic T lymphocytes. 




Infection 



Leishmania 
major 



Mycobacterium 
leprae 



Response 



Most mouse strains: Th1 
BALB/c mice: Th2 



Some patients: Th1 

Some patients: Detective 
ThI or dominant Th2 



Outcome 



> Recovery 

* Disseminated infection 



P Tuljerculoid leprosy 

^ Lepromalous leprosy 
(high bacterial counl) 



Risposte TH2 prevalgono nell'espulsione intestinale 



(T) specific T-dependent (2)non-specific intlammatory 
processes processes e.g.: 

- TNF, IL-1 

mast celi 




o increased o 
° mucus ° 
secretion^° expulsion[i|^ 

nematode metabolic damage damaged 
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Risposte THI e TH2 cooperano nella risposta ad alcuni elminti 




SCHISTOSOMULE 
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Anticorpi e risposta cellule mediata hanno importanza diversa a seconda 
del ciclo vitale del patogeno: anticorpi verso uno stadio non proteggono 
da quello successivo 













"evason importance machanism 


T. bwcei 
freeinbiood 




lysis wilh complemeni 
+ + + + which also opsonizes (or 
piiagocYtosis 




Plasmodium 
inside red celi 


• 


phagocytosis 


inlracellular; "''«'stage cytokines 
vaJiation Wood^s^age macropbage 


7. cm// inside 
mscrophage 




+ + acute infection, 

sensilijies for ADCC 


inlracellular Ichronic macrophage 








and killing by NO 

intracelluiar + + + + and metaboliles 
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6- Oanno immunitario diretto 



the mapr [Mth^Aa^e sv 

can cause tissuedamagft nlftei 
drectiif icfii. or ijvMtivating 
naturai irrtMi^) 131 atlapUiTe 

(lowe'J mmune mechimsms. 




Virus della coriomeningite linfocitaria (LCMV) 



cyclo- immune adult 
phosphamide Tcells 



effect 




4 adult 
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>l I I 1 1 I I U I 1^ 
complex 
— disease 



J\ persistent 
infection 



death 



Danno diretto 

Bronchioliti dopo vaccinazione con VRS (TH2) 
Ipertensione portale e fibrosi epatica nella 
schistosomiasi (TH2) 

Bronchiectasie nei pazienti con fibrosi cistica 
(Pseudomonas aeruginosa e TH17) 
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7 - Difesa e danno 



Difesa 

- risposta innata: interferoni, NK, M0 

- risposta adottiva: T (CD8+), B (Ab neutr) 
Danno 

- patologia diretta (citolisi) 

- da risposta immune ( autoaggressione, IC) 
Resistenza 

Importanti e numerosi i meccanismi di elusione 



Hypersensitivity reactions in infectious dìsease 


Typel 


IgE + mast cells 


Ascaris (lung), 
hydatid cyst fluid 


Type II 


autoantibodies 


Mycoplasma 

streptococcal myocarditis 
T. cruzi 


Type III 


immune complexes 
PMNs, complement 

disseminateci intravascular 
coagulation (DIO 


streptococcus 

erythema nodosum 
glomeruloneplintis 

meningococcus 

hepatitis B 

quartan malaria 

fungal allergie alveolitis 

septicaemia 


Type IV 


T cells & macrophages 


TB granuloma 
tuberculoid leprosy 
schistosoma egg granuloma 
? T. cruzi 


cytokine 
over-production 


TNF, IL-1 


Gram -ve bacteria (LPS) 
staphylococci (TSST1) 
mycobacteria (LAM) 
yeast 

malaria (exoantigens) 



8 - elusione resistenza 
coesistenza 



Resistenze ali 'attacco immune 









Parasite escape mechanisms 




Type 


Effector mechanisms 




concealment 


intracellular 






capsules 






cysts 






privileged site 






mimicry of fiost 






host antigen coating 




variation 


mutation 






gene switching 






recombination 






suppression 


non-specific 








specìfic itolerance) by: 








macrophages 








T suppressor cells 








parasite products 




Fig. 22.13 Parasite escape mechanisms. 



TABLE 15-3 Mechanisms of Immune Evasion by Viruses 


Mechanism of Immune Evasion 


Examples 


Antigenic variation 


Influenza, rhinovìrus, HIV 


Inhibition of antigen processing 
Blockade of TAP transporter 
Removal of class 1 moiecules 
from the ER 


Herpes simplex 
Cytomegalovirus 


Production of cytokine receptor 
homologues 


Vaccinia, poxviruses (IL-1, IFN-^I 
Cytomegalovirus (chemokine) 


Production of immunosuppressive 
cytokine 


Epstein-Barr (IL-10) 


Infection and death or functional 
impairment of immune cells 


HIV 


Representative examples of different mechanisms used by viruses to resist 
host immunity are listed. ER, endoplasmic reticulum; HIV, human 
immunodeficiency virus; TAP, transporter associated with antigen processing. 



Variazione antigenica: sierotipi diversi 



Streptococtus pneumonìae 


ooooooo 


There are many types of S. pneumonìae, which 
differ in their capsular polysaccharides 


Individuai infected 
with one type of 
5. pneumonìae 


Responso 
clears infection 


Subsequent 
infection with a 
different type of 
S. pneumonìae 
is unaffected by 
responso to 
first type 


New responso 
clears infection 


o 
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Drift= variazione Shift= deriva 




Evasione dai macrofagi: protozoi 



Toxoplasma gondii 




1. dead parasite in 
phagosome - fusion 
with lysosome 

2. live parasite in 
endosome - no 
fusion with 
lysosome 

D Fleshandbones.com Roitt 



Trypanosoma cruzi 




1. parasite kilied in 
phagosome 
following lysosomal 
fusion 

2. parasites escape 
phagosome and 
divide free in 
cytoplasm 

et al: Immunology 6E 




1. parasites resisi 
lysosomal enzyme 
and divide inside 
phagosome 



Evasione dai macrofagi: Yersinia 

ing to 
gen 

\ 



Binding 
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Evasione per sovraccarico antigenico 




^jlivated T-suppressor 
O macrophaoe celi 

prostagiandins IL IO, TGFlJ 
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Evasione per interferenza con la presentazione dell'antigene 



Inhibition of Block in MHC synthesis 
proteasomal activity: and/or ER retenllon: 
EBV, human CMV adenovlrus. human CMV 



^ TAP I 



I Class I MHC pathway] 



Block in Removal of Interference with CTL recognition 

TAP transport: class I from ER: by "decoy" virai class l-like 

HSV CMV molecules: murine CMV 



Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, an imprint of Elsevier Inc. 



Ma le cellule NK riconoscono la perdita del MHC di dasse I 



espressione deii'MHC di ciasse i 




vi> 




( ów) 


Y T 

^ n 


r 


Micf 





Pater Parlmm 



Immunosoppressione 

• Superantigeni 

• Infezione cronica e PD-1 (HIV, HBV, HBC) 

• Epatite B e C (interferenza con attivazione 
APC e cronicizzazione) 

• Morbillo ed infezioni batteriche recidivanti 
nei mesi post-infezione (infezione delle DC) 

• Lebbra lepromatosa (IL-10) 

• Induzione Treg (HBV, ìrìCV, Le ish mania Major) 
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Sovversione della risposta immune: i superantigeni 

Mi 



Virai 
superantigen 



antigen-presenting 




EntwTotoxin Mios 



VtiS.1, 6. 1-6.3.8,18 



Virus — 
Batteri ■ 



Mimicry 

► recettori, enzimi, HLA-DR 
HLA(B27),miosina,vimentina 



Protozoi — ► miosina, tessuto cerebrale 
Elminti — ► glutation-trasferasi 



Streptococcal celi wall 
stimulates antibody response 


Some antibodies cross-react with 
heart tìssue, causing rheumatic fever 


'^is^ /^bacteria 
plasmaceli 


^^©'^ 

antibodies // 
in blood \V 7/ 

lieart 



Molecular mimicry between 
proteins of ìnfectious organisms 
and human host proteins 



HLA-DR molecule 
PoliovirusVP2 
Acetylcholine receptor 



VTE LGRPDAE 
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